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ABSTRACT 
 
The purpose of this study was to gain a better understanding of fresh water 
springs used as the primary source of potable water in rural Haiti. Field data was 
collected during the summer of 2008 near Verrettes, Haiti, approximately 120 km north 
of Port au Prince. GPS locations of 29 springs were recorded within the 87 sq km study 
area. Two water samples at each spring were taken for bacterial analysis: one sample was 
submitted to a local hospital and a duplicate sample was cultured using Coliscan© 
Easygel© Kits. Both capped and uncapped springs were sampled to determine whether 
capping improves water quality. Field water quality parameters and flow volume were 
recorded at each spring to determine possible correlations with the presence of E-coli and 
total coliform. Water questionnaires were conducted using Haitian interpreters, regarding 
household water use, health, and public perception of the water. 
 
A Normalized Difference Vegetation Index (NDVI), created from Landsat 7 
imagery, was used to create a predictive map, highlighting areas with NDVI values 
greater than 0.232 and areas located more than 500 meters from a mapped spring. There 
is a strong correlation between high NDVI values, spring locations, and outcrops of 
northwest striking limestone. Spring flow volumes varied from 0.43 to 258.45 L/min.  
  
E-coli and total coliform colony counts from the local hospital and Coliscan© 
Easygel© Kits were very different. However, based on the World Health Organization 
(WHO) drinking water standard, 71 to 100% of the springs were unsafe to drink. Both 
capped and uncapped springs had bacterial counts in excess of the WHO standard, 
suggesting that water treatment from all sources is necessary to ensure clean and safe 
drinking water. Shallow karst aquifers with open flow paths and high spring 
temperatures, averaging 26.53° C., may be contributing to observed bacterial abundance. 
 
 
Keywords: Haiti; e-coli; groundwater; springs; satellite imagery; NDVI 
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INTRODUCTION 
 
Approximately 1.1 billion people worldwide lack access to clean drinking water, 
and even more to sanitation.  An estimated 1.6 million children die every year from 
diarrhea, often a direct result of unclean water and poor sanitation (WHO, 2006).  
Worldwide, over 4,000 children die every day because they lack access to safe drinking 
water and sanitation. Together, the United Nations (UN), World Bank, UNICEF, the 
World Health Organization (WHO), and many other international organizations have 
joined forces in making it one of their Millennium Development Goals (MDG) to cut in 
half the proportion of people worldwide without sustainable access to safe drinking water 
and basic sanitation by 2015 (UN, 2000).    The Caribbean country of Haiti is known 
throughout the world as a very poor country.  It is perhaps not as widely known that 
many Haitians die every year due to contaminated water. 
 Haiti is a small island country located in the Caribbean, on the western one third of 
the Island of Hispaniola, 
(Figure 1).  More than half 
of Haiti’s 8.3 million 
people are without access 
to clean water and 
sanitation, and water-borne 
illnesses account for the 
deaths of up to one third of 
all children under the age of 
five (Knowles et al., 1999).  
Under French colonial rule 
it had one of the wealthiest 
economies in the western 
hemisphere, driven by slave 
labor and the export of 
sugarcane and coffee 
 
Figure 1.  Map showing location of Haiti on the western one-third of 
the Island of Hispaniola. On its eastern boarder lies the Dominican 
Republic, to the west Jamaica and Cuba.  
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(Library of Congress – Federal Research Division LOC-FRD, 2006).  Nearly 800,000 
African slaves were brought to Haiti in the 1700’s, outnumbering the free population 4:1 
by 1789 (LOC-FRD, 2006).  After 300 years of French rule, war in Europe forced France 
to withdrawal most of its forces leading to a rebellion and Haiti’s declaration of 
independence in 1804 (LOC-FRD, 2006).  The destruction of plantations and French 
colonial settlements left the Haitian economy in ruins; a state which the country has not 
been able to shake for the last 200 years.  As the first modern state to be governed by 
former African slaves, years of political turmoil and corrupt leadership has driven nearly 
three-fourths of its population into poverty (Knowles et al., 1999).  Many Haitians are 
subsistence farmers tilling the land for food and harvesting trees to convert into charcoal.   
  While Haiti is one of the worlds’ most densely populated countries, according to a 
U.S. Army Corps of Engineers report assessing the water resources of Haiti, there is 
enough rainfall and other water resources within the country to supply adequate water to 
meet their demands (Knowles et al., 1999).  However, poor infrastructure, management 
of water systems, and sanitation practices result in pollution and bacterial contamination 
of water throughout the country, and is the cause of many water-borne illnesses (Knowles 
et al., 1999).  A combination of continued forest clearing and a geologic setting which 
does not provide natural filtration only adds to Haiti’s problem of providing safe water to 
its people.   
Severe deforestation since the early 1900’s has left only 2 percent of Haiti’s 
countryside forested (LOC-FRD, 2006).  Deforestation has caused severe soil erosion on 
the steep slopes common on the mountainous island, leading to soil removal and 
decreasing agricultural potential.  Forest cover is known to aid in groundwater flow by 
creating root channels, as well as leaf litter that increases permeability of the soil and 
retention of water in the ground (LOC-FRD, 2006, Knowles et al., 1999, and Le Maitre et 
al., 1999).  Despite this fact, trees continue to be cut down and sold as charcoal; the 
primary energy source for boiling water and cooking, and major source of income for 
many Haitians (LOC-FRD, 2006).   
The retention of groundwater is very important in that much of the population use 
shallow aquifers as their primary source of potable water (Knowles et al., 1999).   In 
many cases, Haitians living in rural mountainous regions collect water from muddy pools 
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where groundwater discharges at springs.  Many of these springs are also popular 
watering holes for animals and quickly become contaminated with bacteria, and other 
water borne pathogens that cause illness and death.  When setting national drinking water 
standards most countries refer to those laid out in the WHO, Guidelines for Drinking-
Water Quality, third edition, incorporating first addendum. These standards state there 
may be no Escherichia coli (E-coli) or fecal coliform present in any water intended for 
drinking (WHO, 2006).  
 The impacts of reduced groundwater retention from tree loss and contamination, 
due to poor sanitation, are being felt by the millions of Haitians, especially among 
children under 5, where acute diarrheal illnesses are the number one cause of death (Pan- 
American Health Organization (PAHO)/WHO, 2002). Poor water quality has had an 
effect on Haiti’s population structure, with 48% percent of its population under the age of 
14.  The Haitian life expectancy of 53 years ranks among the lowest in the world, largely 
caused by inadequate drinking water and sanitation (LOC-FRD, 2006, CIA, 2008).   
The Non-Governmental Organization (NGO), Faith in Action International (FIAI) 
has been working in Verrettes, Haiti for nearly a decade helping Haitians obtain clean 
water, reforest hillsides, and become 
more literate through education.  One 
aspect of the work that FIAI does in the 
mountains above Verrettes, Haiti, is the 
capping of springs to isolate them from 
surface contamination (Figure 2, and 3,).  
However, little is known about the water 
resources and level of contamination of 
the springs in the mountainous region 
surrounding Verrettes.  In order to fill 
this knowledge gap and assist FIAI as 
well as the Haitians living in the 
Verrettes region this study was 
conducted to 1) locate and identify 
springs in the Verrettes region; 2) evaluate the amount of water flowing from each spring; 
  
Figure 2.  Example of uncapped spring, Nan Ti Sous 
and the dam-pool method of using a 2” well screen 
PVC to measure spring flow. Photo by Andrew 
Sisson. 06/20/2008.  
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Figure 3.  Example of a common capped spring structure at Ozys spring. Accumulated flow is piped from 
this location to a reservoir ~50m down the ravine. Photo by Andrew Sisson. 06/27/2008. Inset diagram of 
common spring cap design. 
 
 
 
3) analyze water samples from each spring to determine the presence and quantity of 
coliform bacteria present in the water; and 4) create and maintain a database for all the 
springs in the area.    
 
STUDY AREA 
 
Located approximately 120km north of the capital city of Port au Prince, Verrettes 
is a small city near the Artibonite River of approximately ten thousand residents.  Our 
study area encompassed 87 sq. km (Figure 4) surrounding the town of Verrettes, in the 
sub-departments of Desarmes and Bastien.   
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While we tested the primary water supply for Verrettes itself (Sous Levek), our 
primary focus were the many springs near small villages located in the mountains.  We 
also tested one of several rain water reservoirs that local missions and hospitals have 
constructed in recent years as additional sources of potable water during the rainy 
seasons.    
Geologically, our study area is part of northwest-striking limestone belt in the Sierra 
de Neiba physiographic province (Maurrasse, 1982).  Rock types are dominated by gently 
folded, recrystallized, non-fossiliferous limestone (Figure 5).  Dissolution of the 
limestone bedrock and the karst development in the region have resulted in a complicated 
network of shallow limestone aquifers, that are often characterized as having large open 
conduits that provide little resistance to flow and do not significantly filter groundwater 
(White, 2002). The higher ground water velocities and lack of filtration in karst aquifers 
make them more susceptible to contamination than non-karst aqifers in which 
groundwater velocities are slower allowing more effective attenuation of contaminants 
(Kacaroglu, 1998).  
 
 
Figure 4: Shaded relief map of study area.  Inset shows location in relation to the island of Hispaniola.   
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Data was collected over a period of 15 days between June 17 and July 2, 2008.  
This paper summarizes our results and provides recommendations for both further work 
and improvements to the capping and water treatment procedures to provide clean water 
to the people of Verrettes and surrounding mountain villages. Methods, results, and 
discussion are organized into four main headings: 1) Geographical Information System 
(GIS) analysis; 2) water quality and flow estimates; 3) bacterial analysis; 4) water 
questionnaires. 
METHODS 
 
GIS was utilized to map spring locations, locate areas that may contain untapped 
springs, count and determine the color of bacterial colonies; and produce maps of results.  
Spring flow and field water quality parameters were collected in order to determine if 
correlations could be found between easily measureable field parameters and more time 
consuming bacterial analyses.  Water samples were collected and analyzed for bacteria 
using two different methods to determine the compatibility of the results.  Questionnaire 
 
 
Figure 5.  View of common limestone formations located near study area. Note karst features 
of rock. Photo by Peter Wampler 06/30/2008. 
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data was collected in order to better understand rural Haitian water use, perceptions of 
spring water quality, and frequency of water-related illnesses. 
GIS ANALYSIS 
 
Landsat Enhanced Thematic Mapper Plus (ETM+) satellite images from January, 
2000 of Haiti were obtained from the University of Maryland’s Earth Science Global 
Land Cover Facilities website (GLCF, 2008).  Also 3-arc second Digital Elevation Model 
(DEM) datasets, derived from the Space Shuttle Radar Tomography Mission (SRTM), at 
90m resolution were downloaded (USGS, 2008).   Both datasets were used in ArcMap 
9.2 to map springs that were visited and display observed geological data collected in the 
field.  
Landsat ETM+ images contain 8 bands of reflectance data.  Each band captures a 
different part of the electromagnetic spectrum.  Red (R), green (G), blue (B), and near 
infrared (NIR) wavelengths bands were used to calculate a Normalized Difference 
Vegetation Index (NDVI). Using the raster calculator in ArcMap 9.2, the R and NIR 
bands of the images were used to calculate the NDVI using  the equation NDVI= NIR-
R/NIR+R (ESRI, 2008).  The NDVI index shows reflectance differences, and highlights 
areas of healthy vegetation based on the variations in vegetation reflectance.  NDVI 
values range from -0.72 and 0.56 with greater numbers indicating greener, more 
abundant, vegetation.  
Following the methodology of a similar study conducted in northern Oman, to 
locate oases; vegetation reflectance, as captured by the NDVI, was classified into five 
categories (Luedeling and Buerkert, 2008).  This method is most useful in regions with 
sparse vegetation and was done to highlight areas of healthier vegetation near large water 
accumulations from shallow aquifers or springs.  Known spring locations and geologic, 
rock type maps were compared to observe possible correlations between healthy 
vegetation, geology and spring locations (Figure 6 and 7).   
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Figure 6: NDVI displaying five vegetative class colors from -0.72 to 0.56. Highest values, shown in blue are healthy 
vegetation. Note NW trend to areas of high NDVI and spring locations. 
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Google Earth Pro Digital Globe (GEP) images, captured by the QuickBird satellite 
with 2.8 m ground resolution, were used as high resolution base maps. Screen captures of 
our study area from GEP were georeferenced in ArcMap 9.2 to existing Landsat imagery. 
By plotting known spring latitude and longitude locations in both ArcMap and GEP, we 
were able to reference the imported GEP images to the Landsat images accurately. 
WATER QUALITY AND FLOW ESTIMATES 
 
Fieldwork at each spring consisted of taking photos, drawing a small sketch of the 
spring, taking Global Positioning System (GPS) coordinates of the spring, describing the 
type of rock surrounding the spring, and measuring the strike and dip of the rocks where 
obtainable.  An example field data record sheet can be found in Appendix A. GPS 
coordinates from 35 springs were collected in the WGS84 latitude and longitude 
 
Figure 7.  Hydrologic map of the Verrettes region showing the prominent northwest strike of limestone aquifers.  The 
hydrologic unit mapped in the study is described as marly limestone with little hydrologic productivity. Note olive-
green and light –green bedding alignment with high NDVI in Figure 6 (modified from Ministry of Agriculture of Haiti, 
1990).    
Verrettes 
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coordinate system with a Garmin GPSMAP 76Cx.  GPS locations were imported into 
ArcMap as layers, including an attribute indicating flow volume, and whether the point 
represents a capped, uncapped, or reservoir for springs.  In some instances spring caps 
and holding reservoirs were both plotted.   
A water sample was taken and analyzed using a YSI water quality meter for 
conductivity, dissolved oxygen (DO), salinity, and water temperature.  Using a Hannah 
pH meter and Oakton T-100 Turbidity meter a second temperature, pH, and turbidity 
were measured.  
In order to determine spring flow a variety of methods were used based on each 
springs cap design or uncapped flow. Where springs were uncapped a 3 foot long, 2-inch 
PVC well screen pipe was used to contain water into a single defined flow for 
measurement purposes.  In some cases this meant capturing water within the hillside 
before it was discharged at the spring into a stream or pool.  For some uncapped springs, 
estimates were made by approximating water velocity using a floating stick, and 
measuring flow area to estimate total flow.  Capped spring flows were either measured by 
capturing the water as it was forced out an overflow pipe, or measured after reaching 
equilibrium from the reservoir outlets.  All flow measurements were taken using a 
stopwatch and either a 1000 mL graduated cylinder or 5-gallon bucket, repeating five 
times. Final flow measurements were calculated as the average of the five measurements 
in L/min. Final spring locations and flow values were then plotted in ArcMap and 
evaluated for patterns.  
BACTERIAL ANALYSIS 
 
Two water samples were taken for bacterial analysis and water quality parameter 
tests.  A 35ml sample was taken for analysis using Coliscan® Easygel® Kits, and a 
250mL water sample was taken in sterilized bottles for analysis at a local Hospital, 
Hospital Albert Schweitzer (HAS).  Samples were kept in a cooler, when possible, 
between sample collection and analysis.  The logistics of accessing remote sites resulted 
in samples which were not refrigerated in many cases. 
 Procedures at HAS, included using a Hach Company (HACH) hand operated 
vacuum pump to pump the water sample through a .45um filter membrane which was 
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then placed in a petri dish with M-TEC dehydrated growth medium and incubated for 48 
hours in an incubator. After incubation, E-coli and Total Fecal coliform colony counts 
were done.  Total Chlorine, ferrous iron, and phosphate were measured using a HACH 
colorimeter. Turbidity and pH and analyses were also determined for each sample by 
HAS.  
From the 35ml sample, 5ml of the spring water was withdrawn using a sterile 1ml 
dropper and added to the container with Coliscan® Easygel® medium.  The mixture was 
then gently mixed, and carefully poured into a sterile petri dish for incubation at room 
temperature (25-35° C).  Temperatures likely varied within a 10° C range between mid-
afternoon and evening.   
The Coliscan® Easygel® medium contains sugar linked to a dye, which when acted 
upon by the enzyme β-galactosidase produced by coliform bacteria, turns the colony 
pink.  A second sugar linked to another dye that when acted upon by the enzyme, β-
glucuronidase produced by E. coli colonies grows blue-green.  Only E-coli release both 
enzymes, reacting with both dyes, resulting in a purple or blue color (Micrology 
Laboratories, 2005).  Photos of each sample were taken at the start of incubation and at 
roughly 24-72 hours, and in some cases after more than 72 hours (Appendix B).  The 
number of colonies did not change significantly after 48 hours.  Approximate counts of 
E-coli colonies, pink (fecal coliform) and blue/teal (non-coliform) colonies were taken 
within 24-48 hours.   
Because some colonies were difficult to differentiate visually, two methods were 
used to count bacterial colonies using the Coliscan® Easygel® Kits, a subjective visual 
count and a digital photo analysis using ArcMap GIS. Photos of each sample were taken 
and imported into ArcMap 9.2 (unreferenced).  By individually creating a point layer for 
each water sample culture all colonies where counted both visually and by recording the 
ratio of red to green to blue.  The ratios were recorded as attributes for each colony to 
better differentiate pink and purple colonies than perhaps the visual method did. 
Final attribute tables from the point layers were imported into Microsoft Excel for 
an automated analysis. There, three tests were created to separate the colonies as pink or 
purple to systematically categorize the colonies accurately with little human bias.  For 
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both the visual and automated methods blue and purple were then considered to be E-coli 
colonies (Micrology Laboratories, 2005). 
Referencing colonies that visually were easily definable as pink, purple, or teal a 
series of tests were created in excel using if then statements that automatically 
categorized the colonies.  The first test was based off the observations that purple 
colonies had more blue (B) than green (G). By subtracting the B pixels from the G pixel, 
a value ≥0 was considered to be purple.  The second test separated colonies with high red 
(R) pixel values that generally appeared pink.  Where R>146, colonies were considered 
pink, and R<146 colonies were purple.  The last test looked at how close the three, RGB 
values were together, because in purple colonies pixel values tended to be closer than in 
pink ones.  Thus the standard deviation (Stdev.) between RGB values was taken.  By 
looking at known pink and purple colonies, Stdev. < 27 was considered to be purple and 
anything else pink or teal.  Our final “if-then” statement said that if a colony was 
considered purple, by all three tests, than it was classified as purple or E-coli, if not than 
it was pink or simple coliform.  Teal, non-coliform colonies were not included in our 
counts as differentiating between pink and purple was suffice for identifying fecal 
coliform and E-coli (Figure 8).  Final visual, computer automated, and HAS E-coli and 
fecal-coliform counts were then compared for more accurate assessment of the total 
bacteria presence in the springs. 
 
 
 
 
Figure 8.  Conceptual model showing series of tests used in automatted approach 
to analyse bacterial colony counts. 
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WATER QUESTIONAIRES 
 
In addition to quantitative measurements of the water quality, a translator surveyed 
43 people at 19 springs to gain a better understanding of the public’s health, and 
perceptions of their drinking water (Appendix C).  Questionnaires where conducted 
through a translator to one person per household that was visiting the spring while other 
analyses were performed.  Due to time restraints and translator availability only one 
person was interviewed at some springs and none at others.  All surveys were compiled 
into an excel spreadsheet for statistical analysis. 
RESULTS 
 
High correlation between mapped spring locations, geology, and vegetation 
abundance was revealed by satellite imagery and the NDVI.  Overall water quality 
measurements, revealed an average temperature of 26.5° C (79.7° F)  and a constant 
salinity around 0.2 ppt.  Spring flow rates were also determined for 27 springs using a 
variety of different methods which provided results with varying degrees of accuracy.  At 
19 of the 27 springs measured flow questionnaires were conducted.  The data collected 
from the questionnaires is problematic due to inaccurate or confusing responses to poorly 
worded questions.     
GIS ANALYSIS 
 
The NDVI is categorized into the five brightest classes ranging from a 
yellow/orange to blue. Based on the index, two distinguishable bands of vegetation, 
shown in blue, extend in a NW direction following the crest of the mountains. 
Interestingly, the less healthy, yellow/orange vegetation was more prevalent in the lower 
mountain valleys between the blue bands.  Plotting spring locations on the NDVI map 
revealed that every spring was located on a pixel of blue.    
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WATER QUALITY AND FLOW 
 
The spring water temperatures averaged 26.5°C and ranged from 23.7 to 29.2°C; 
salinity was almost constant at 0.2 ppt.  Turbidity measurements ranged from 0.2 ntu to 
25.3 ntu.  High turbidities measured in the field may have resulted from disturbance of 
the sediment during sampling. Complete data can be found in Tables 1 and 2.  Flow data, 
the methods used to measure flow, and an estimated measurement error associated with 
each spring are shown in Table 3. A map of each spring and its associated flow volume is 
also shown in Figure 9 and in a bar graph in Figure 10.  Spring flows ranged from 
approximately 0.43 to 258.45 L/m with a standard deviation of 53.51 L/m. 
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Table 1. Complete table showing all water quality measurements, lat/long, and elevations, taken at each 
spring with calculated averages and standard deviations. Measurements were taken in field between 
6/18/2008-6/30/2008. HAS measurements conducted in lab.  
 
Spring_name Latitude Longitude 
Elevation 
(m a.s.l.) 
Cond. 
(µs) % DO 
Salinity 
(ppt) 
Ave. 
Temp. °C 
Turbidity 
(ntu) 
HAS 
(Turbidity 
ntu) 
La Kreole 19.02292 -72.47763 214 471.3 20.7 0.2 26.95 0.87 ND 
Salo Spring Cap 19.02315 -72.47318 241 594.0 25.0 0.3 25.95 0.59 ND 
Levek (Verrettes 
spring) 19.03580 -72.46690 134 466.0 23.4 0.2 28.15 1.40 ND 
Kazo (uncapped) 18.98026 -72.47038 664 438.5 23.4 0.2 26.70 6.77 ND 
Kazo 18.98013 -72.47019 665 427.0 28.0 0.2 26.80 0.41 0.54 
Payet 19.00808 -72.46442 392 442.4 27.5 0.2 27.55 0.20 ND 
Rain water 
resevoir in Vyelo 19.03961 -72.48907 308 48.0 21.0   28.30 1.31 0.70 
Ravine Kafe 
(Savonet) 19.03771 -72.50525 274 498.0 24.7 0.2 27.30 1.13 0.96 
Vyelo 19.03326 -72.49680 212 369.4 21.5 0.2 27.85 0.21 0.44 
Kafa 19.01209 -72.45575 359 467.0 28.3 0.2 25.25 2.03 0.27 
Ravine Mawo 19.00953 -72.44823 282 383.3 27.0 0.2 25.65 0.31 0.44 
Ravine Mawo 
uncapped 19.00942 -72.44810 289 367.4 33.0 0.2 26.30 10.78 0.40 
Tet Dlo 19.00706 -72.45192 326 327.5 39.0 0.2 25.55 1.09 0.22 
Mathurin 19.02031 -72.45103 275 426.1 34.5 0.2 27.40 0.42 0.32 
Te rouge 19.03119 -72.45077 119 541.0 40.0 0.2 28.75 1.31 0.32 
Kol min 19.04943 -72.53175 326 510.0 40.0 0.2 26.60 2.12 1.05 
Rodinet 19.03108 -72.44561 94 524.0 50.0 0.2 27.45 1.28 0.47 
Rochopye 19.02942 -72.44702 132 574.0 19.5 0.3 27.55 9.20 1.92 
La Koueen 19.03486 -72.45370 153 452.0 40.0 0.2 29.25 0.85 1.02 
Ozys 19.00055 -72.50211 592 505.0 29.0 0.2 23.75 1.34 0.33 
Ma Bef 19.00381 -72.49725 624 499.0 31.0 0.2 25.90 25.30 0.62 
Trankite 19.00752 -72.50568 544 469.0 30.0 0.2 25.35 3.01 0.65 
Paflip 19.00698 -72.50928 523 449.6 25.0 0.2 25.10 0.72 0.36 
Font Rouge 18.99720 -72.47619 539 445.4 33.0 0.2 24.40 0.62 0.40 
Kaywit (K-8) 18.99582 -72.47557 543 428.7 24.0 0.2 24.05 1.45 0.37 
Dorfine 18.99895 -72.48326 531 387.0 28.0 0.2 25.20 1.97 0.37 
Simeon 19.00015 -72.48289 530 506.0 34.0 0.2 26.25 2.38 0.44 
                    
Ave.        446.0 30.0 0.2 26.53 2.94 0.57 
STDEV       99.2 7.4   1.48 5.09 0.38 
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Table 2. Complete table showing all water quality measurements taken at each spring with calculated 
averages and standard deviations. Measurements were taken in field between 6/18/2008-6/30/2008. HAS 
measurements conducted in lab.  ND indicates no data. 
 
Spring_name pH 
HAS 
(pH) 
HAS Total 
Chlorine (mg/l) 
HAS Iron 
(mg/l) 
HAS Phosphate 
(mg/l) 
La Kreole 7.6  ND ND ND ND 
Salo Spring Cap 7.5  ND ND ND ND 
Levek (Verrettes spring) 7.7  ND ND ND ND 
Kazo (uncapped) 7.9  ND ND ND ND 
Kazo 7.8 7.5 0 0.02 0.44 
Payet 7.8  ND ND ND ND 
Rain water resevoir in 
Vyelo 9.3 7.2 0.00 0 0.12 
Ravine Kafe (Savonet) 7.3 7.1 0.00 0.03 0.23 
Vyelo 7.7 7.7 0.00 0.03 0.43 
Kafa 7.5 7.5 0.00 0.04 0.67 
Ravine Mawo 7.5 7.4 0.00 0.01 0.86 
Ravine Mawo uncapped 7.6 7.7 0.00 0.00 0.62 
Tet Dlo 7.8 7.3 0.00 0.02 1.33 
Mathurin 7.4 7.3 0.00 0.00 1.52 
Te rouge 7.4 7.4 0.00 0.03 1.10 
Kol min 7.3 7.1 0.00 0.00 0.40 
Rodinet 7.2 7.2 0.01 0.01 0.20 
Rochopye 7.2 6.9 0.01 0.02 0.42 
La Koueen 7.5 7.7 0.02 0.08 0.21 
Ozys 7.2 7.2 0.02 0.06 0.19 
Ma Bef 7.5 7.7 0.01 0.05 0.27 
Trankite 7.4 7.5 0.01 0.02 0.38 
Paflip 7.3 7.7 0.00 0.05 0.38 
Font Rouge 7.2 7.0 0.01 0.03 0.10 
Kaywit (K-8) 7.3 7.1 0.00 0.02 0.28 
Dorfine 7.1 7.7 0.00 0.04 0.73 
Simeon 7.2 7.1 0.03 0.04 0.31 
            
Ave.  7.5 7.4 0.01 0.03 0.53 
STDEV 0.4 0.3 0.01 0.02 0.39 
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Table 3: All springs tested for total flow, method used, and associated error in measurements.  
 
 
1 
Flow was measured by damming the flow and forcing the water into a 2-inch PVC pipe.  Once 
equilibrium was reached, flow was measured at the pipe outlet. 
2
 Flow was measured by plugging cap outlet pipes forcing water only to leave through overflow 
pipe.  This provided a measure of the amount of water that was entering the cap, without the variability of 
the reservoir head to affect measurements.  
3  
Capped springs were measured by forcing water within the reservoir to equilibrate at the outlet 
pipe where water was captured and measured.   
4 
A single channel was created forcing water out one location.  Channel area was then estimated 
using a ruler; and average surface water velocity was estimated by measuring the time it took a small stick 
to travel the length of the channel.  Flow was estimated by the equation Q = V x A. 
5
 Cap was leaking a significant amount of water creating a stream over bedrock. Both the water at 
the reservoir outlet and at a waterfall were measured using a 5-gallon bucket. Five measurements were 
taken and then averages were added together for total spring flow. 
6
 Springs emerging from hillsides into small pools that mixed directly into flowing streams. 
Estimates were made by visually observing the flow and the pools that were created. Flow estimates are 
very approximate at these springs..  
7
 Capped spring where water was piped nearly 1 km downhill to the main road. Total flow at the cap 
was measured by calculating the volume of the cap structure, and plugging all outlets timing how long it 
took water level to rise 4cm, 3 cm, and then 3cm again.  The three measurements were then averaged to 
determine the final flow. 
8
 Three springs individually capped and piped underground to a larger reservoir.  Flow was 
determined using the holding capacity of the reservoir and the size of the output pipes to calculate the head 
and find the total flow of water from the three springs.  
Spring name L/min 
Approx. % 
error Spring name L/min 
Approx. % 
error 
La Kreole 
1
 43.52 50 Te Rouge 
2
 18.33 110 
Salo Spring Cap
 6
 2.00 50 Kol Min 
3
 8.45 45 
Levek 
8
 No Data Rodinet 
7
 47.42 5 
Kazo (uncapped) 
1
 3.87 15 Rochopye
 4
 0.43 45 
Kazo (capped) 
2
 6.67 > 5 La Koueen 
3
 7.06 10 
Nan Ti Souse 
1
 0.49 50 Ozys 
2
 21.80 15 
Payet
 5
 100.50 20 Ma Bef 
6 
 1.80 50 
Ravine Kafe 
3
 258.45 > 5 Trankite 
2
 2.44 > 5 
Vyelo 
3
 16.48 35 Paflip
 6
 4.80 < 50 
Kafa 
2
 7.96 > 5 Font Rouge
 6
 36.00 50 
Ravine Mawo 
2
 5.02 > 5 K-8 
4
 14.16 45 
Ravine Mawo 
(uncapped) 
1
 6.82 15 Dorfine
 6
 90.00 < 50 
Tet dlo 
1
 13.63 50 Simeon 
6
 42.00 < 50 
Mathurin
 3
 3.93 > 5    
      
STDEV 53.51     
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Figure 9. Map showing all springs visited and analyzed. Symbols represent approximate flow volume from each spring.  
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BACTERIAL ANALYSIS 
 
23 spring bacterial analyses were conducted by HAS and 27 springs were analyzed 
using Coliscan® Easygel® Kits.  HAS bacterial analysis and the two methods used to 
analyze the Easygel® kit cultures yielded very different results and are shown in Figures 
11 and 12. HAS only reported three samples with bacteria colonies that were too 
numerous to count, whereas the Coliscan® Easygel® resulted in several samples growing 
too many colonies to count.  Total colony counts can be seen in Appendix D. 
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Figure 10. Bar graph displaying the total flow of each spring measured, as summarized in table 3. Flows 
were measured between 6/18/2008 and 6/30/2008. 
 22 
 
0
200
400
600
800
1000
1200
1400
C
o
li
fo
rm
 C
o
lo
n
ie
s
 / 
1
0
0
m
l o
f 
w
a
te
r
Sample Number
Automatted
Visual
HAS
N
O
 D
A
T
A
N
O
 D
A
T
A
N
O
 D
A
T
A
N
O
 D
A
T
A
N
O
 D
A
T
A
N
O
 D
A
T
A
N
O
 D
A
T
A
N
O
 D
A
T
A
N
O
 D
A
T
A
 
 
Figure 11. A Comparison of coliform colonies found using; automated, visual, and hospital analysis methods. *Values 
of  > 1400 indicate colonies too numerous to count. 
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Figure 12. A comparison of E-coli colonies found using; automated, visual, and hospital analysis methods.  Values 
> 2500 indicate colonies too numerous to count. 
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WATER QUESTIONNAIRES 
 
The only quantitative data that is recoverable form the questionnaires at this time is 
age, sex of population, and semi-quantitative health data. Based on the 43 questionnaires, 
representing households with 272 people, from 19 different springs, 33 cases of diarrhea 
were reported in the last week (Table 4).  
 
Table 4.  Statistics based off spring questionnaire (Appendix C), conducted between 6/18/08 and 8/26/2008 
 
Total Population 
Represented 
People with Diarrhea in 
last Week Average Age Ave. household Size 
272 33 21.94 6.33 
 
The number of people in a household did not correlate with the reported amount of 
water that a household used per day, based on the number of trips to collect water per day 
(Figure 13).  Similar results were found with the questionnaires regarding the amount of 
time it took to walk one time round trip to a spring, total time spent daily gathering water, 
and number of trips taken per day. 
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DISCUSSION 
 
Known spring locations and results from the NDVI suggest a strong correlation that 
may be vital to understanding where springs form and where possible untapped aquifers 
can be used to supply more water to Haitians.  Bacterial analysis results show between 71 
and 100 percent of the sampled springs are unsafe to drink from, but also show that the 
method of analysis gave very different results.  Answers gained from water 
questionnaires reveal many holes that allowed for invalid data that can only be used 
anecdotally.  
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Figure 13. Graph based on questionnaire results, showing very poor correlation between total household size 
and reported water use per day for that household.  
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GIS ANALYSIS 
 
Results of the NDVI in relation to the locations of the springs show a strong 
correlation between healthier vegetation, geology, and mapped springs.  In every case 
mapped springs fell on locations with NDVI values greater than 0.232.  This suggests that 
the NDVI can be used as a tool to find areas that hold high potential for new springs.  A 
map was created to highlight NDVI values > 0.232 and areas more than 500m from 
current mapped springs (Figure 14).  Finding new spring sources in some areas could 
prove to be valuable to the residents who spend hours, daily traveling for water. It may 
also help relieve some stress on springs that are have extremely low discharge volumes 
but are still being relied on heavily for use, such as Ma Bef. 
 
WATER QUALITY AND FLOW 
 
Based on calculated flow volumes smaller springs seem to occur in areas 
surrounded by smaller patches with NDVI values > 0.232.  However, in other areas 
multiple, heavy flowing springs are located within one large continuous area with high 
NDVI values.  This suggests that areas with concentrations of heavy flowing springs are 
accessing large shallow, subsurface aquifers with numerous surface expressions.  This 
knowledge can be used along with the predictive map to located large areas of high 
NDVI and few springs as possible locations for new, undiscovered, springs. 
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Figure 14. Spring Prediction Map created based on NDVI values. Areas highlighted in red have NDVI values greater 
than 0.232 and are located more than 500 meters from a mapped spring. 
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BACTERIAL ANALYSIS 
 
10 coliform bacteria colonies per 100mL was the criteria used by HAS to determine 
whether water samples were deemed safe to drink. Based on this standard, 57 percent of 
the water samples tested by HAS were unsafe for consumption. However, based on the 
more stringent WHO guidelines for E-coli and total coliform, 71 percent of the samples 
tested by HAS and 100 percent of the samples tested using Coliscan® Easygel® Kits 
were deemed unacceptable for consumption (Table 5).  High numbers of coliform 
bacteria present in spring water may be related to very high groundwater temperatures; 
averaging 26.53° C (79.75° F). 
 
Table 5. Percent of spring’s deemed unsafe to drink based on WHO clean drinking water standards for e-
coli only, and to Total coliform. 
 
 
 
 
 
     1
 Coliscan® Easygel® Kits 
 
It remains unclear why the discrepancy exists between analyses done with 
Coliscan® Easygel® Kits duplicate samples analyzed by HAS.  A possible cause for the 
difference in counts are the limitations of Coliscan® Kits, particularly in differentiating 
between pink, blue, and purple colonies.  Micrology Laboratories indicated that blue, 
different from teal (non-coliform) colonies, should be included in E-coli counts (Dr. 
Jonathan Roth, personal communication).  If the blue colonies are removed from the 
counts, the number of e-coli would be reduced substantially. 
Other possible sources of error are 1) the roughly 10°C variation in temperature 
during incubation; 2) variation in storage temperature while samples were in transit from 
field to HAS; 3) outside contamination of the samples; and 4) sample size issues; 5) 
inadequate size criteria for  determining whether to include colonies in colony counts.  
Analysis 
Method 
% unsafe (E-coli 
only) 
Total Coliform – 
WHO standard 
Total Coliform – 
HAS Standard 
HAS 35 71 57 
Visual
1
 80 100 100 
Automated
1
 87 100 100 
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The lack of access to an incubator while in Haiti may have resulted in the growth of non-
coliform species at rates comparable to the coliform species and may have inhibited E-
coli growth.  After collecting water samples from each spring it sometimes took hours to 
collect multiple springs before they could be put on ice.  During this time, outside 
temperatures often heated the samples significantly and may have facilitated growth or 
die-off.  Once on ice, it sometimes took up to three days to get some samples to HAS for 
testing.  This may have caused an increased die-off in bacteria in the samples processed 
at HAS.  The act of cooling the samples may have actually resulted in bacteria mortality 
due to the high ambient temperature of the springs.   Coliscan® collection bottles and 
transfer pipits were sterile upon ordering, however it is possible outside contamination 
may have occurred resulting in increased coliform growth.  Coliscan® Easygel® 
instructions suggest either 1mL or 5mL samples can be mixed with the medium 
depending on expected contamination levels. All samples were analyzed using Coliscan® 
recommendations for drinking water using 5mL (Micrology Laboratories, 2005).  Using a 
1mL sample could have facilitated colony counting in water samples with large numbers 
of colonies.  Lastly, when counting colonies in samples colony size varied.  Micrology 
Laboratories instructions indicate small colonies should not be included in colony counts, 
however, no size criteria was specified.  This may have resulted in high colony counts. 
 
WATER QUESTIONNAIRES 
 
Based on the results of the questionnaire, and the poor correlation between number 
of people per household and amount of water used daily, it was difficult to trust the 
accuracy of responses.  Had a stronger correlation between the two been present, more 
accurate estimates on approximate water use per spring could have been calculated.  
However, the reported age data correlates well with average Haitian life expectancy of 53 
(Figure 15) (LOC-FRD, 2006).  The 33 incidences of diarrhea in a population of ~ 300 
household members represent a frequency of approximately 10% in the last week, but 
this number seems somewhat low given the results of high bacteria presence.  
Discrepancies in the survey included not recording the age and sex of individuals 
answering questionnaires, uncertainty of some respondents not knowing the age and sex 
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Figure 15.  Age histogram of population surveyed 6/18/08 through 8/26/2008. Dotted red line is based of logarithmic 
equation: y = -8.1258Ln(x) + 22.702. *Haitian life expectancy (LOC-FRD, 2006) 
of those within each household, and inaccuracies introduced by confusion over water 
volumes, time durations, and portions of a day to obtain water.  As a result of the above 
questionnaire discrepancies much of the questionnaire data can only be used anecdotally 
and not quantitatively.   
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CONCLUSIONS AND RECCOMENDATIONS 
 
NDVI results show that it may be a very useful tool in predicting spring locations.  
Additional exploration should be done in the areas highlighted in Figure 14. These areas 
should be explored more extensively, including shallow vertical and horizontal well 
drilling to harness possible shallow aquifers that have not yet shown up as surface 
discharge.  This can be especially useful in regions where no known springs are located, 
forcing the people to walk greater distances for water.  
Water quality results did not show significant correlation between easily 
measurable parameters and bacteria presence to be used as a predictive tool of coliform 
presence. This leads to the conclusion that many variables determine presence or absence 
of coliform.  
Looking at the overall water quality of the springs tested, it is safe to say that the 
majority of the water that the Haitians in our study area are drinking is unsafe. While 
capping has been a common practice to capture and protect springs, this study shows that 
between 71 and 100 percent of both capped and uncapped springs were found to be 
unsafe to drink, based on WHO drinking water standards.  Therefore, simply protecting 
the source with a cap is an insufficient method for supplying safe drinking water.  In 
order to insure safe water for the people, focusing on improved water handling, 
sanitation, and household water treatment are likely more promising then simply spring 
capping. Also, in some instances improving spring cap design, preventing leaks, and 
annual or more frequent maintenance in the form of chlorine treatment of the capping 
could reduce fecal coliform bacteria contamination. Particularly uncapped springs, such 
as Ma Bef that were found to be heavily used water sources but are highly contaminated 
are ones that should be capped and monitored for water quality.  Based on the low 
reported occurrences of diarrhea but high bacteria counts, it suggests the population may 
have partially adapted to elevated levels of bacteria presence in their water.  
Due to large discrepancies between HAS bacterial results and both Coliscan® 
Easygel® future tests using an incubator to maintain a constant temperature for the 
Coliscan ® would be useful. Also, maintaining a more stable and sterile environment for 
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conducting the bacterial tests could reduce any possible contaminating sources that may 
have been introduced.  Post analysis research suggests that refrigerating the water 
samples before analysis and keeping them no longer than 24 hours and certainly no 
longer than 48 would improve the accuracy of total coliform determinations (Pope et al., 
2003).  
Insufficient numbers of questionnaires conducted limited quantitative analysis using 
this data.  The limited number of questionnaires conducted were plagued by inconsistent 
data reporting and confusing responses.  This may have resulted from the interpreter 
conducting the interviews, wording of the questions, and limited ability of respondents to 
make time and water volume estimates.  Through the interpreter, questions may have 
been phrased differently through translation and to different interviewees.  In some cases 
simple wording changes may have helped avoid inaccuracies.  When creating a survey in 
the future it would be helpful to build in a series of questions that would check the 
accuracy of each other, such as asking: how much water does your household use daily? 
How many trips do people in your household take to retrieve water daily? How many 
containers are filled each time, and what are the sizes of each?  Such questions would 
provide a means to internally validate data collected.  Unfortunately, lack of ability to 
estimate volumes and time among the Haitian population may make gaining accurate 
information regarding time and water volumes very difficult from questionnaires. 
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APPENDIX A 
SPRING DATA RECORD SHEET
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Spring Name: ___________________ GPS point: _________  Date: ____________  
 
Time: ____________ Water Sample #:______ 
 
GPS location:  Lat.______________ long.______________ UTM: ___________E ___________N 
 
Conductivity: ________  DO: _______  Salinity: __________  Elevation: _________  
 
Temp: ______ Turbidity: ________ pH: _________ TDS: ____________ 
 
Flow calculations: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discharge: __________________ 
 
Rock Type: _________________________________________________________ 
 
Rock Strike: _________________________ Dip: ____________________________ 
 
Photos taken: __________________________________________________________________ 
Description: 
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________ 
 
Other observations: 
______________________________________________________________________________________ 
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________ 
Sketch map: On back 
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APPENDIX B 
BACTERIA CULTURE PHOTOS
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061708-01 Guest House at 277 hours of 
incubation 
 
 
061808-01  Spring La Kreole at 259 hours of 
incubation 
 
 
061808-02 Spring Salo at 259 hours of 
incubation 
 
 
061908-01 Spring Levek at 235 hours of 
incubation 
 
 
062008-01 Uncapped Spring Kazo at 208 hours 
of incubation 
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062008-02 Capped Spring Kazo at 208 hours of 
incubation 
 
062008-03 Spring Nan ti at 208 hours of 
incubation 
 
 
062108-01 Rain Water Reservoir at 180 hours of 
incubation 
 
 
062108-02 Ravine Kafe at 156 hours of 
incubation 
 
 
062108-03 Spring Vyelo at 180 hours of 
incubation 
 
 
062108-04 River by Vyelo at 180 hours of 
incubation 
 
 
062308-01 Spring Kafa at 138 hours of 
incubation 
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062308-02 Capped Spring Ravine Mawo at 138 
hours of incubation 
 
 
062308-03 Uncapped Spring Ravine Mawo at 
138 hours of incubation 
 
 
062308-04 Spring Tet dlo at 138 hours of 
incubation 
 
 
062308-05 Spring Mathurin at 138 hours of 
incubation 
 
 
062308-06 Spring Te Rouge at 138 hours of 
incubation 
 
 
062408-01 Uncapped water at Spring Kol Min at 
108 hours of incubation 
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062408-02 Reservoir at Spring Kol Min at 108 
hours of incubation 
 
 
062508-01 Spring Rodinet at 81 hours of 
incubation 
 
 
062508-02 Spring Rochopye at 81 hours of 
incubation 
 
 
062508-03 Spring La Koueen at 81 hours of 
incubation 
 
 
062708-01 Spring Ozys at 34 hours of 
incubation 
 
 
062708-02 Spring Ma Bef at 34 hours of 
incubation 
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062708-03 Spring Trankite at 34 hours of 
incubation 
 
 
062708-04 Trankite solar filter at 34 hours of 
incubation 
 
 
062708-05 Spring Paflip at 34 hours of 
incubation 
 
 
062808-01 Spring Font Rouge at 27 hours of 
incubation 
 
 
062808-02 Spring K-8 at 27 hours of incubation 
 
 
062808-03 Spring Dorfine at 27 hours of 
incubation 
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062808-04 Spring Simeon at 27 hours of 
incubation 
 
 
063008-01 Spring Danye at 38 hours of 
incubation 
 
 
063008-02 Spring at top of Mountain at 38 hours 
of incubation 
 
 
063008-03 at 38 hours of incubation 
 
 
063008-04 at 38 hours of incubation 
 
 
063008-05 at 38 hours of incubation 
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APPENDIX C 
 
SPRING WATER QUESTIONAIRE 
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1. How many people are in your household? What is their age/sex?   Date:_______ 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Where do you get your drinking water from?  
a.) From a spring b.) From a river        c.) Rain water capture        c.)  
Other_______________ 
 
3. About how much water do you drink a day?  
1 glass  2 glasses 3 glasses Other: ________________ 
4. At what time of day do you first drink? 
a) First thing in the Morning  b) Afternoon  c)  Night 
5. How many springs are within walking distance of your house?     1 2 3 4
 other 
6. Do you travel to more than one location to get water per day? Per week? 
Yes  No    Yes  No 
 
7. How many times a day do you travel to collect water? 1 2 3 4+ 
 
8. How many containers do you fill per day?  1 2 3 4 
 
9. How much water does your container hold? 
1 gal  2 gal  3 gal  4gal  5gal  other 
 
10. Besides drinking what do you use the water for? 
a.) Cooking      Yes No  
b.) Water for Animals    Yes No 
c.) Cleaning plates and utensils   Yes  No 
d.) Washing clothes     Yes  No 
e.) Bathing or washing    Yes  No  
f.) Other: ____________________ 
 
11. About what portion of a day do you spend getting water? 
Less than a quarter   A quarter  Half   Majority Other: 
_____________ 
 
12. How much of the day does it take you to travel from your home to this spring? 
Less than a quarter   A quarter  Half   Majority Other: 
_____________ 
No. Age Sex 
1.   
2.   
3.   
4.   
5.   
6.   
7.   
8.   
9.   
45 
 
13. Do you think your drinking water is safe? 
Yes  No 
 
14. What do you do to treat your water? 
a.) Bio-sand filters  b.) Boiling c.) Chlorine or other tablet d.) No treatment 
e.) Other 
15. How many rooms are there in your house? ________________________ 
16. Where do people in your family go to the bathroom? 
______________________________________________________________________________________
_____________________________________________________________________________________. 
17. How many people in your family have had diarrhea in the last week____________? In the last 
month ________? 
18. How often/when do you wash your hands daily? 
a) Once b) Twice  c) Many times  d) Not everyday 
19. Do you bath in the same water source that you get your cooking/drinking water from? Yes
 No 
20. Where do you store water at your home? 
 a) in the container you get it in b) in a different container or bucket c) other: 
_____________ 
 
Spring Name: ________________________________________________________________ 
 
21. Does this spring ever stop flowing?  Yes  No 
22. When does the most water come out of the spring? 
Rainy season  before harvest  after harvest
 Other:____________________ 
23. Do animals come and get water at this spring? Yes  No 
24. Does the water from this spring ever taste salty? Yes  No 
 
Other comments: 
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
_________________________________________________. 
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APPENDIX D 
 
TOTAL COLONY COUNT RESULTS 
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Appendix D.  Total colony counts per 100 mL from each analysis method, HAS and 
Coliscan® Easygel® Kits (visual and automated). Table shows E-coli, coliform and total 
coliform found in each water sample. 
 
  Automated Visual
1
 HAS Counts
1
 
Spring 
Sample ID Coliform E-coli 
Total 
Coliform Coliform E-coli 
Total 
Coliform Coliform E-coli 
Total 
Coliform 
061808-01 800 20 820 800 20 820 ND
2
 ND ND 
061808-02 380 80 460 340 120 460 ND ND ND 
061908-01 960 0 960 960 0 960 ND ND ND 
062008-01 360 80 440 340 100 440 0 0 0 
062008-02 340 240 580 280 300 580 ND ND ND 
062008-03 280 440 720 260 460 720 ND ND ND 
062108-01 60 20 80 60 20 80 TNTC
3
 0 TNTC 
062108-02 140 200 340 100 240 340 2 0 2 
062108-03 320 160 480 280 200 480 0 0 0 
062108-04 800 220 1020 520 500 1020 ND ND ND 
062308-01 280 100 380 260 120 380 120 0 120 
062308-02 140 100 240 100 140 240 0 0 0 
062308-03 880 0 880 740 140 880 40 33 73 
062308-04 160 0 160 160 0 160 0 4 4 
062308-05 200 20 220 200 20 220 0 0 0 
062308-06 240 40 280 240 40 280 0 6 6 
062408-01 0 TNTC TNTC 0 TNTC TNTC ND ND ND 
062408-02 TNTC 200 TNTC TNTC 300 TNTC 40 0 40 
062508-01 840 20 860 840 20 860 27 0 27 
062508-02 340 180 520 300 220 520 140 200 340 
062508-03 540 20 560 540 20 560 20 0 20 
062708-01 TNTC 0 TNTC TNTC 0 TNTC 60 4 64 
062708-02 160 1620 1780 20 1760 1780 68 7 75 
062708-03 1320 60 1380 1280 100 1380 14 15 29 
062708-04 960 80 1040 960 80 1040 TNTC TNTC TNTC 
062708-05 720 1940 2660 240 2420 2660 TNTC 0 TNTC 
062808-01 200 120 320 220 100 320 0 0 0 
062808-02 320 60 380 380 0 380 0 0 0 
062808-03 200 100 300 200 100 300 28 0 28 
062808-04 60 0 60 40 20 60 8 0 8 
063008-01 440 0 440 420 20 440 ND ND ND 
063008-02 720 400 1120 640 480 1120 ND ND ND 
 
1
 Coliscan® Easygel® Kits 
2
 No Data 
3
 Bacteria too numerous to count. 
 
 
 
